A color-digit interference task and two sorting tasks were devised as variants of the Stroop Color-Word Test and Gardner's Sorting Tasks, respectively. These tasks proved applicable to a mentally retarded sample and provided reliable measures of two cognitive control dimensions (constricted-flexible control and equivalence range). As predicted, the main test scores were significantly more variable in retarded, compared with normal, 5s. Analyses of performance on the color-digit interference task indicated that retarded 5s were significantly slower than the normal 5s on all parts of the task, particularly under conditions of distraction (whether inherent in the task or externally imposed). Low IQ retarded 5s were significantly slower than high IQ retarded 5s on all parts of the task. Discussion focussed on the extreme cognitive control test scores of the retarded 5s, the nature of the attentional deficit among these 5s, and the relevance of a cognitive control approach for the training of retarded persons.
In recent years, there has been an upsurge of interest in the study of cognitive functions and cognitive organization in relation to personality and psychopathology. A major example of this emphasis is the series of investigations of cognitive controls by Klein, Gardner, Witkin, and others (see Klein, Barr, & Wolitzky, 1967) . Cognitive controls refer to a person's consistent modes or strategies of processing information and reacting across a wide range of situations. Several of the cognitive control dimensions have been conceptualized in terms of strategies of attention deployment (Gardner, Holzman, Klein, Lin ton, & Spence, 1959; Silverman, 1964a) . Within the framework of psychoanalytic ego psychology, controls are considered to be developmentally stabilized, relatively conflict-free structures (Klein, 1958) . These regulative constancies (e.g., scanning, field articulation, leveling-sharpening, etc.) and their organization into cognitive styles serve to mediate the execution of adaptive intentions and the modulation of drive expression (e.g., Gardner et al., 1959) . Recently, the study of cognitive controls has been ex- tended to pathological groups (e.g., Israel, 1966; Santostefano, 1969; Silverman, 1964b; Witkin, 1965) .
A main purpose of the study reported here was to apply the concept of cognitive controls to mentally retarded young adults. Since the cognitive control approach goes beyond the question of intellectual abilities to a consideration of the different ways of organizing the cognitive field, such an approach may contribute to an understanding of adaptive efforts among retarded persons. In contrast, most previous efforts to understand the impaired intellectual functioning of familial retardates have stressed either a general developmental lag (Zigler, 1967) or a defect presumably inherent in mental retardation, for example, central nervous system pathology and/or a specific deficit in cognitive functions such as short-term memory (Ellis, 1963) or attention-directing mechanisms (Zeaman & House, 1963) .
The specific aims of the present study were: (a) to devise reliable measures of cognitive controls applicable to a mentally retarded sample, (b) to test the hypothesis that compared with normals, retardates would fall at the extremes on tasks used as measures of cognitive controls, and (c) to investigate the effects of distracting, task-irrelevant external stimuli on performance in retardates compared to normals. The suggestion that extreme reliance on a given mode of behavior is characteristic of pathological groups (e.g., Silverman, 1964a Silverman, , 1964b Witkin, 1965) pro-296 vides the rationale for the hypothesis stated in b above.
Of the six cognitive control principles described by Gardner et al. (1959) in their factoranalytic study, two were selected for studyconstricted-flexible control and equivalence range (more recently termed "conceptual differentiation" by Gardner & Schoen, 1962) . The constricted-flexible control dimension refers to individual differences in the ability to keep attention focused on the task at hand in the face of distracting interference intrinsic to the task itself. It is measured primarily by the Stroop Color-Word Test, which requires 5 to ignore irrelevant but compelling stimuli. Equivalence range refers to S's tendency toward broad or narrow categorizing when confronted with an array of familiar, heterogeneous stimuli; it is measured primarily by sorting tasks. The choice of these tasks was guided by the feasibility of adapting them for use with a mentally retarded sample and by the fact that these two dimensions appear to tap two essential aspects of adaptive behavior -selective attention to relevant stimuli and the discrimination and generalization involved in categorizing behavior.
METHOD Subjects
The sample comprises 39 noninstitutionalized mentally retarded young adults (mean age = 23.4 yr.) and 32 normal adults (mean age = 22.8 yr.). Each group contained an equal number of males and females. The mentally retarded sample had a mean Wechsler Adult Intelligence Scale IQ of 59, with a range of 45 to 74. The diagnostic records of these 5s were all negative with respect to organic signs. The retardates were tested by one of the authors (RS) who knew most of them from having worked with them in a sheltered workshop. Of the normal Ss, about one-half were college students and the others had at least graduated from high school. Therefore, it was assumed that all these 5s had IQs in the average range or better.
Test Materials
Color-digit task. In the standard Stroop (1935) ColorWord Test, 5s are asked to read aloud: (a) color names printed in black ink (as a warm-up task), (b) names of colored strips, and (c) names of colors printed in incongruous color names (e.g., "red" printed in blue, "green" printed in yellow, etc.). The S must ignore the words and read aloud the colors as quickly and as accurately as possible. Each of the three parts consists of 100 units to a page, 10 to a line. The index of interference is a reading time score based on a regression equation which serves to equate 5s on color-naming time (b). The same task and procedures were employed in the present study except that a. and c contained single digits instead of color names. This modification was introduced so that the retarded 5s would not experience unusual reading difficulties on a and so that on c word meaning would not be a differential factor for retardates and normals.
Faces sorting task. Thirty photographs of faces varying in sex, age, etc., were taken from magazines and pasted on 3 X 5 in. index cards.
Object sorting task. Thirty photographs of familiar, heterogeneous objects were taken from magazines and pasted on 3 X 5 in. index cards.
For both sorting tasks, E placed the cards in front of S and instructed him to sort them into groups. The S was told that this was not a test in the usual sense and that his job was to put into groups those items that seemed to belong together for a particular reason. He was told that he could make as many or as few groups as he wished. Upon completion of each task, S was asked to give the reasons for his groupings. The exact instructions were taken from Gardner et al. (1959) and were carefully explained to the retarded 5s. All the retarded 5s seemed eventually to grasp what was required of them. The score for each sorting task was the number of groups containing two or more items.
Procedure
The tasks were individually administered to all 5s in the order and manner described above. The retarded and normal 5s were then each randomly divided into experimental and control groups. For the normal 5s, the division was equal; the retarded group was divided into an experimental group of 16 and a control group of 23. All 5s were retested within 3 to 4 wk.; the normal and retarded control groups simply repeated the same tasks in the same sequence. The experimental 5s were tested under conditions of distraction. On the colordigit task, they read the numbers in Part a and named the colors in Part b as described previously, but during Part c-the interference page of single digits printed in colors-a tape of single-digit numbers, randomly ordered, was simultaneously played through earphones at the rate of one per second. On the two sorting tasks, the distraction consisted of random groupings of items continuously presented through the earphones; for example, "one face plus two faces equals three faces" during the faces sorting task, and groups of words such as "cigarette, house, and sunglasses" during the object sorting task; the words were chosen from among the stimuli in this task. On both the color-digit and sorting tasks, 5s were told to ignore these auditory stimuli and to perform according to the task instructions.
The data from the first testing of all 5s were the basis for testing the hypothesis regarding extremeness of cognitive control scores in retardates. The data from the second testing session of the control groups were used to measure retest reliability and also served as a base line for evaluating the effects of distraction on the experimental groups.
RESULTS
Reliability was determined from the control groups scores. For the retardates, the testretest correlations for Parts b and c of the color-digit task were .87 and .85, respectively; the reliability of the regressed interference score, which controls for speed in color naming (Part b), was .78. The comparable correlations for the normal control group were .96 for Part b, .84 for Part c, and .81 for the interference score.
For the sorting tasks, the test-retest correlations for the number of groups in sorting faces were .82 for the retardate control group and .73 for the normal control group. The comparable correlations for the object sorting task were .84 and .96 for retardates and normals, respectively.
The main scores derived from these modified cognitive control tasks are all statistically significant and indicate adequate reliability.
Extremeness of Scores in Retardates Color-Digit Task
Based on the first administration of the color-digit task to all 5s, separate regression equations were computed for normal and retarded 5s, and an interference score, independent of color-coding time, was computed for each 5. An F test comparing the variances in the distributions of the derived interference scores for retardates versus normals yielded an F ratio significant at p < .001 (F = 6.28, df = 38/31). In accord with the hypothesis, retarded 5s, compared with normal 5s, manifest significantly greater deviations in cognitive interference from the mean of their own group. In Klein's (1954) terms, they are either extremely "constricted" or extremely "flexible." The connotations of the latter term are misleading, however, since closer inspection of the "flexible" retarded 5s reveals that they did so poorly on naming colors alone that the presence of irrelevant digits did not appreciably impair their performance any further.
Sorting Tasks
I Faces. On the first administration of the faces sorting task to all 5s, the mean number of groups for retarded 5s was 8.38, compared to 6.13 for normals (t < 1.00). The difference in variances, however, was significant (F = 5.78, df= 38/31, p < .001).
Objects. On the object sorting task, there was also no significant mean difference in the number of groups formed: retardates, 5.30, normals, 6.00 (t < 1.00). However, the variances were again significantly different (F = 5.83, df = 38/31, p < .001).
The facts of no mean difference and a significant difference in variance on both sorting tasks indicate further support for the hypothesis of tendencies toward either extremely broad or narrow categorizing behavior in retarded compared with normal 5s.
The IQ scores available for the retarded 5s were examined in relation to their scores on the cognitive control tasks and to the deviation of these scores from their respective group mean. None of the correlations were significant; both low and high interference proneness and broad and narrow categorizing appeared with equal likelihood at both ends of the 45-74 IQ range.
Group Differences in Performance on the Color-Digit Task
In addition to their use in assessing cognitive controls, scores on the color-digit and sorting tasks were also analyzed as indicators of group differences in cognitive functioning under standard conditions and under conditions of external distraction.
Performance on the color-digit task was examined by means of a 3 X 3 X 2 X 2 repeated measurements analysis of variance (Winer, 1962) . The analysis was for the three parts of the task, the three levels of intelligence obtained by dividing the retardates into two subgroups: IQs of 50-59 and 60-70, 5 the first and second administration of the task, and the experimental and control conditions (see Table 1 ). Many components, both main effects and interactions, of the analysis of variance were significant, but only the major ones are cited (see Table 2 ). 
Standard Condition
Task differences. A series of Scheffe tests determined whether the three component tasks of the color-digit task differed in mean level of difficulty. This analysis revealed that color naming took significantly longer than reading digits and that performance on the colornaming interference page was significantly slower than naming colors alone. These significant task differences were reflected in the scores of both the normal and the retarded groups (see Figure 1 ). In this respect, then, our modified version of the Stroop task is comparable to the original task, and therefore Tasks ( the differences among the groups reported below are not due to task artifacts.
Group differences. Under standard conditions, that is, the first administration of the color-digit task, a series of multiple comparisons (Scheffe tests) revealed that the mean speed of performance of retardates, as compared with normals (see Table 1 ), was significantly slower on all three parts of the task (reading digits: / = 9.40, p < .001; naming colors alone: / = 10.94, p < .001; color-digit interference: t = 16.25, p < .001). The normals were significantly faster than each of the two IQ subgroups of retardates, and the latter also differed from each other: the high 1Q retardates were significantly faster than the low IQ retardates on all three parts of the task (reading digits: / = 3.42, p < .001, colors alone: t = 3.97, p < .001, and color-digit interference: / = 4.51, p < .001). These differences are shown in Figure 1 .
Interaction of groups and tasks. As seen in Table 2 , the Groups X Tasks interaction was significant (F = 13.35, p < .005). Further analysis by means of Scheffe tests indicated that the difference between retardates and normals on color-digit interference was significantly greater than on both naming colors (t = 3.01, p < .01) and reading digits (t = 4.80, p < .001). These significant differences between the differences held for both IQ subgroups of retardates. Comparing the two subgroups of retardates, there was also a significant Groups X Task interaction. The low IQ subgroup was significantly slower than the high IQ subgroup on naming colors versus reading digits (t -4,27, p < .001) and slower on color-digit interference than on naming colors (t = 5.28, p < .001) and reading digits (t = 9.55, p < .001).
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Effects of external distraction. This portion of the analysis concerns the difference between the first and second administrations of the color-digit task. It will be recalled that the experimental subgroups repeated the first two parts (reading digits and naming colors) and then heard digits while performing the colordigit interference part.
It should be noted that within each main group, the experimental and control subgroups did not differ from each other in any of the three parts of the color-digit task which they took in the initial testing session. Therefore, the differences to be reported below cannot be accounted for by prior differences in performance ability, but only by the experimental manipulation.
The four-way interaction was not significant (see Table 2 ). However, a series of 6 Silverstein and Franken (1965) , using the original Stroop Color-Word Test, divided mentally retarded adolescents into two groups: IQs of 35-45 and 51-62. In contrast to the present findings, they failed to find any differences between these groups. It is possible that differences in attentional deficit are not detectable below a certain level of IQ, particularly with a task like the color-word in which word meaning and reading habits are critically involved. multiple comparisons (Duncan tests) yielded certain significant differences. On their second trial of color-digit interference, the normal and retarded control groups showed an average decrease in reading time of 1.5 and 18.1 sec., respectively. These two values do not differ significantly from each other; however, the 18.1-sec. decrease reflects a significant improvement in performance for the retardates. In the experimental groups, the retardates showed a mean increase of 62.3 sec., which is significantly larger than the nonsignificant 2.8-sec. increase found in the normal groups and constitutes a significant decrement in performance in contrast to both the retardate and normal control groups (for all Duncan tests, p < .001). The high IQ and low IQ retardates do not differ in this comparison (see Figure 2) .
Another way to evaluate the effects of auditory distraction over and above the interference inherent in the color-digit part is as follows. The difference in performance between Parts b and c was, as seen above, significant for both normals and retardates in the first testing session. When the difference between these two tasks in the first session is compared by means of Scheffe's test to the same difference in the second session, we find that the experimental and control groups composed of normal 5s do not differ significantly (+10.75 sec. and -1.19 sec., respectively; t = 1.52). How- ever, among the retardates, a significantly larger difference appeared in the experimental group than in the control group (t = 6.54, p < .001). This difference between experimental and control groups appeared in both the high and low IQ retardate subgroups (high IQ: +66.88 sec. and -7.50 sec., respectively, / = 6.72, p < .001; low IQ: +58.37 sec. and -15.25 sec., respectively, t = 6.65, p < .001). Moreover, as seen in Figure 3 , the difference between the experimental and control groups was significantly larger for retardates than for normals (t = 6.62, p < .001), and this held for both IQ groups of retardates (high IQ: t = 8.G9,p< .001; low IQ:* = 7.21,/>< .001).
Summarizing the results of this section, all the evidence points to the fact that external auditory distraction affected only the retarded 5s, and that the disruptive effect of distraction was obtained over and above that of the greater difficulty that retardates have with the interference inherent in the color-digit part.
Group Differences in Performance on the Sorting Tasks
On the sorting tasks, normals and retardates did not differ in the number of groups under normal conditions, nor did external distraction have any effect. The two groups differed only in the reasons they gave for the grouping of items; as would be expected, normals gave more conceptual and fewer concrete reasons.
DISCUSSION

Cognitive Controls
The color-digit task and the two sorting tasks devised for this study provided reliable (test-retest) measures of interference proneness and categorizing styles in both normal and retarded Ss.
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It has been suggested that cognitive control measures tap individual differences in strategies of attention deployment (Gardner et al., 1959; Silverman, 1964a) . In accord with this view, the marked variability we have found among the retardates, also observed in other pathological groups (Israel, 1966; Silverman, 1964a; Witkin, 1965) , may reflect a rigid reliance on a given attentional strategy. For example, the formation of adequately differentiated categories on the sorting tasks seems to require alternating attention to the similarities and differences among several stimuli. The extremely broad and narrow categorizing behavior prominent in the retarded group might, in part, be due to a failure to simultaneously hold in mind the various features of the stimuli. Whether the types of categorizing behavior are strongly preferred or rigidly fixed remains to be determined. For example, would narrow categorizers be able to shift to broader categorizing if such behavior were more adaptive in a given situation? Witkin (1965) proposed a distinction between "fixed" and "mobile" cognitive controls to describe the capacity to make such shifts. The retardates, and other pathological groups, would presumably fall into the "fixed" category to a greater extent than would normals.
